Five divalent transition metals Cu(II), Co(II), Ni(II), Mn(II) and Zn(II) complexes have been synthesized using 3-hydroxy-4-[N-(2-hydroxynaphthylidene)-amino]-naphthalene-1-sulfonic acid (H 3 L) Schiff base as a ligand derived from the condensation reaction between 4-amino-3-hydroxynaphthalene-1-sulfonic acid and 2-hydroxy-1-naphthaldehyde. The synthesized complexes were characterized using microanalytical, conductivity, FTIR, electronic, magnetic, ESR, thermal, and SEM studies. The microanalytical values revealed that the metal-to-ligand stoichiometry is 1:1 with molecular formula [M 2+ (NaL)(H 2 O)x] . nH 2 O (where x = 3 for all metal ions except of Zn(II) equal x = 1; n = 4, 10, 7, 4, and 6 for Cu(II), Co(II), Ni(II), Mn(II) and Zn(II), respectively). The molar conductivity result indicates that all these complexes are neutral in nature with non-electrolytic behavior. Dependently on the magnetic, electronic, and ESR spectral data, octahedral geometry is proposed for all the complexes except to zinc(II) complex is tetrahedral. Thermal assignments of the synthesized complexes indicates the coordinated and lattice water molecules are present in the complexes. SEM micrographs of the synthesized complexes have a different surface morphologies. The antimicrobial activity data show that metal complexes are more potent than the parent ligand.
INTRODUCTION
Schiff bases, as well as their complexes, are considered as a privileged class of compounds due to their catalytic activities, electrochemical analysis, anti-infl ammatory, antiviral, anti-fungal, anti-malarial, as well as, biochemical synthesis 1, 2 . Schiff bases are of interest in industrial fi elds due to their corrosion inhibitor characters, thermostable materials, also, they considered powerful ligands for the formation of coordination complexes 3 . Schiff bases succeeded to occupy a vital position as ligands in coordination chemistry. Schiff's bases 4 were still observed as one of the most potent groups of organic compounds in facile synthesis of metalloorganic hybrid compounds. Moreover, their interest in the synthesis of Schiff bases by condensation of 4-amino-3-hydroxy-1-naphthalene sulfonic acid with different aldehydes such as 5-bromosalicaldehyde and 2-hydroxy-1-naphthaldehyd 5, 6 due to their potential applications in various fi elds. Noteworthy, the properties of Schiff bases stimulated much interest due to their contributions to material science, single molecule-based magnetism, and catalysis of many reactions such as reduction, oxidation, carbonization 7 , and release and binding of metal ions carried out with facilitated transport membranes. Schiff bases had been used in many industrial purposes such as polymer stabilizers, pigments, catalysts in some reactions such as polymerization reduction reaction of thionyl chloride to ketone, in addition, oxidation of organic intermediates 8 . Schiff's bases plays an important role in both the pharmaceutical, medical, and biological fi elds. They were, also, found to exhibit a broad range of biological activities, including antibacterial, antifungal, antiproliferative, antimalarial, and antipyretic properties 9-12 .
According the above literature survey, I have decided to synthesis and discussed the structural characterization, morphological, thermal and biological activity studies of the Cu(II), Co(II), Ni(II), Mn(II) and Zn(II) complexes with 3-hydroxy-4-[N-(2-hydroxynaphthylidene)-amino]naphthalene-1-sulfonic acid (H 3 L) Schiff base as ligand.
2-EXPERIMENTAL

2-1-Reagents
The transition metal salts e.g. CuCl 2 .2H 2 O, CoCl 2 .6H 2 O, NiCl 2 .6H 2 O, MnCl 2 .4H 2 O, and ZnCl 2 were received from Sigma-Aldrich (Taufkirchen, Germany). The 4-amino--3-hydroxynaphthalene-1-sulfonic acid and 2-hydroxy--1-naphthaldehyde were purchased from Aldrich (Taufkirchen, Germany) chemical company. The distilled water, methanol, and diethyl ether solvents were used without distillation. 136. 2, 137.0, 137.8, 139.0, 142.9, 147.8, 162.7, and 166 .0 ppm due to C=C, C=N, C-N, C-S and C-O using AEI MS 30 mass spectrometer at 70 eV. Scanning electron microscopy model was Joel JSM-639OLA with an accelerating voltage of 20 KV.
2-5-Antimicrobial assessments
Antibacterial inhibition were tested by using diffusion method 15 , this biological experiment was performed three times to take total average data. The ciprofl oxacin pure drug was used as antibacterial standard. The tested samples were assessed at 10 and 50 mg concentrations. The antibacterial activity of free HL ligand and their complexes were applied against: 
2-3-Synthesis of Cu(II), Co(II), Ni(II), Mn(II) and Zn(II) H 3 L complexes
A hot methanolic solution of the respective metal chloride (CuCl 2 .2H 2 O, CoCl 2 .6H 2 O, NiCl 2 .6H 2 O, MnCl 2 .4H 2 O, and ZnCl 2 ) (1 mM) was added to the hot methanolic solution of ligand (H 3 L) (1 mM). The pH of the mixtures were adjusted to the pH in the range of 7-8 with NaOH solution. The mixed solution was stirred at 70 o C temperature for 1½ hr. The reaction mixture then concentrated to half its initial volume. The precipitates thus separated out, were washed with methanol and dried in vacuo.
2-4-Instrumental analyses
The percentage of %C, %H and %N elements were determined using Perkin-Elmer CHN 2400 analyzer. Percentage of metal ions was estimated gravimetrically. Molar conductivities were scanned using Jenway 4010 conductivity meter. Magnetic measurements were calculated using magnetic balance (Sherwood Scientifi c), Cambridge, England. Infrared spectra were recorded in KBr discs using a Bruker FT-IR Spectrophotometer within 4000-400 cm -1 range. Electronic spectra of the synthesized Schiff base and its complexes with concentration of 1.0×10 -3 mol/cm 3 were scanned using Perkin-Elmer Precisely Lambda 25 UV/Vis double beam Spectrometer fi tted with a quartz cell of 1.0 cm path length. 1 H-NMR spectra of Schiff base in DMSO solutions were scanned using 200 MHz Varian Gemini Spectrophotometers using TMS as the internal standard. Thermal analyses were performed using a Shimadzu thermo gravimetric analyzer under N 2 at 800 o C was used for recording thermal measurements (TG/DTG-50H) using a single loose top loading platinum sample pan under nitrogen atmosphere at 30 ml/min fl ow rate and a 10 o C/min heating rate in the temperature range 25-800 o C. Mass spectra were scanned Gram positive bacteria: Bacillus Subtillus (RCMB 00010) and Staphylococcus aureas (RCMB 000106). Gram negative bacteria: Escherichia Coli (RCMB 000103) and Pseudomanas aeruginose (RCMB 000102).
A 100 μL of the tested samples which dissolved in dimethylsulfoxide with different concentrations 10 mg/ mL and 50 mg/mL were assessed against two kinds of fungi (A. Niger and Penicillium sp.). The free sample of DMSO was used as control and also fl uconazole drug was used as antifungal standard.
RESULTS AND DISCUSSION
3-1-Microanalyses and physical properties
The microanalytical result and physical properties of the H 3 L ligand and its Cu(II), Co(II), Ni(II), Mn(II) and Zn(II) complexes are summarized in Table 1 . The Schiff base ligand (H 3 L) is soluble in common organic solvents. The synthesized Schiff base complexes are insoluble in alcohols, benzene, and nonopolar solvents (CHCl 3 , CH 2 Cl 2 , and CCl 4 ) but soluble in DMSO and DMF with gently heating. The elementary analyses data indicate that the metal-to-ligand ratio is 1:1 in all the synthesized complexes. The conductivity data of all the metal complexes indicates that all are non−electrolyte nature within 2.50-4.43μS range 16 .
sharper and occurs at 1079 cm −1 . The symmetric deformation modes of SO 3 group give medium weak bands at 614 and 551 cm −1 region 19 . The sulfonic group does not affect the conjugated system irrespective of the substitution position in the naphthalene rings. Changes in the electron density are relatively low at the carbon atoms to which sulfonic group are substituted 20 . The participation of sulfur d−orbitals in the conjugated system is very low, and the π contribution into C−S bond is practically negligible 21 . The asymmetric stretching mode of SO 3 is mixed with C−N stretching, C−H in− plane bending 21 giving a medium strong band at 1198 cm −1 in the IR spectrum. The observed band at 1079 cm −1 in the IR can be assigned to symmetric stretching vibrations of SO 3 group, vibrations that are mixed with naphthalene ring deformations 22 . The SO 3 symmetric bending vibrations are coupled with out-of-plane bending vibrations or with naphthalene ring deformations giving a medium weak bands at 614 and 551 cm −1 in the IR. The medium intense IR bands at 508 cm −1 and weak bands at 445 cm −1 correspond to SO 3 wagging vibrations. All the metal complexes showed a broad band in the range of 3450-3470 cm −1 , followed by another bands at 1693-1636 cm −1 and 800-900 cm −1 that suggests the presence of water molecules in the metal complexes 23 . The involvement of oxygen and nitrogen atoms in coordination is confi rmed by presence of new bands in the 
3-2-Infrared spectra
Infrared spectral data of the H 3 L Schiff base ligand and its metal complexes are displayed in (Fig. 1) and their assignments are listed in Table 2 . The infrared spectrum of ligand (H 3 L) 6 has a distinguish band at 1618 cm −1 , assignable to the ν(C=N) of azomethane group, showed a disappeared or shift to 27-74 cm −1 to a lower wavenumber in its complexes, indicating the participation of nitrogen of the azomethane group in coordination to the metal ion 6, 17 . Regarding H 3 L free ligand, the stretching vibration of ν(O-H) band is disappeared after complexation due to the deprotonation -OH groups and coordinated oxygen atom towards central metal ions. The ν(C-O) stretching vibration of phenolic group display at 1270 cm -1 in case of H 3 L Schiff base ligand, this band is shifted to lower wavenumbers after complexation because of involvement of phenolic group oxygen atom in the coordination by associated C-O-M bond 18 . In the free H 3 L ligand the asymmetric vibrations of SO 3 group of sulfonic acid salt occur in the FTIR 1198 cm −1 range 18 . The band due to the symmetric stretching vibration is bands at 33333 and 24570 cm -1 due to π→π * and n→π * of aromatic rings and azomethine group, respectively 24 . range of 607-597 cm −1 and 514-448 cm −1 corresponding to ν(M-N) and ν(M-O), respectively.
3-3-Electronic spectral studies
The electronic spectra of the free H 3 L Schiff base chelate and its Cu(II), Co(II), Ni(II), Mn(II), and Zn(II) were performed using DMSO solvent. The electronic spectrum of free H 3 L ligand has two essential absorption
3-6-1 HNMR spectra
The 1 H NMR spectrum of the H 3 L Schiff base ligand is recorded in DMSO-d 6 . In the 1 HNMR spectra of Schiff base ligand a peak at δ = 7.90 ppm is assigned for the proton of SO 3 H of Schiff base, singlet peaks at 9.70 and 12.00 ppm are attributed to 1H of naphthyl-3-OH group and a singlet at δ = 9.94 ppm assignable for proton of azomethine group. The zinc(II) complex showed 1 HNMR (Fig. 2S ) δ = 7.48-8.18 (m, 11H, ArH), 8.88 (s, 1H, CH=N). This spectrum referred to upfi eld shift for the proton of azomethine group due to the change in electronic environment of the ligand in case of bonding with zinc metal ion. The disappearance of the proton of -OH group confi rmed that the chelation of the zinc(II) is carried out with oxygen of the -OH group, also, the SO 3 H proton is absent due to associated of sodium salt. The electronic spectrum of octahedral copper(II) complex contain two transition bands at 16950 cm −1 and 22222 cm −1 due to 2 E g → 2 T 2g and 2 B 1g → 2 A 1g electronic transitions, respectively. Cobalt(II) complex UV−Vis spectrum has two transition bands at 19231 and 23809 cm −1 , these are assigned to electronic transition 4 T 1 g (F) → 4 A 2 g (F) ν 2 and 4 T 1 g (F) → 4 T 1 g (P) ν 3 of octahedral geometrical structural, respectively 24 . Electronic transition spectrum of nickel(II) complex has three characteristic bands at 17241, 20833 and 26316 cm −1 for the 3 A 2g → 3 T 2g (F), (ν1); 3 A 2g → 3 T 1g (F), (ν2) and 3 A 2g → 3 T 2g (P), (ν3) transitions of octahedral geometrical structure, respectively. The manganese(II) complex show two electronic bands at 18182 and 20000 cm −1 and other weak band at 24096 cm −1 for octahedral geometry. The absorption spectrum of zinc(II) complex has a three electronic transition bands at 35088, 25316 and 21505 cm -1 due to intr−ligand charge transfer and L−M CT 25 .
3-7-Thermal analysis
3-4-Magnetic measurements
The practical magnetic moments of copper, cobalt, nickel, and manganese(II) complexes are 1.87, 4.85, 3.50, and 5.43 BM, these values are agreement with the characteristic of mononuclear octahedral geometry, respectively 26-29 . The observed magnetic moment value for the zinc(II) complex is zero, indicating diamagnetic nature of the complex.
3-5-Electron spin resonance assignments
The ESR spectrum of copper(II) complex ( Fig. 1 ) was scanned at room temperature in the solid state. The spectrum show one intense absorption in the high fi eld and is isotropic due to tumbling of the molecule. The g values of the complex are g ║ (2.1303) > g ┴ (2.0157) > 2.0023, indicating that the unpaired electron in the ground state of copper(II) ion is predominantly in d x2-y2 . The value of exchange interaction term G, estimated from the following equation is 9.55. G = (g ║ − 2.0023)/( g ┴ − 2.0023) If G > 4.0, the local tetragonal axes are aligned parallel or only slightly misaligned. If G < 4.0, signifi cant exchange coupling is present and misalignment is appreciable. The observed value for the exchange interaction term "G" suggests that the complex has regular octahedral geometry 30, 31 . The results of the mentioned investigations (microanalytical, conductivity, FTIR, electronic, magnetic, ESR, TGA/DTA) support the suggested structure of the metal complexes. Cu(II), Co(II), Ni(II), Mn(II), and Zn(II) metal ions are forming 1:1 (M:L) complexes. Accordingly on elemental, conductance and spectral studies, six-coordinated geometry was assigned for Cu(II), Co(II), Ni(II), and Mn(II) complexes. Based on the above results, the proposed structures of all the metal complexes have been shown in Fig. 3 . Table 3 refer to the thermodynamic parameters (activation energy "E*", enthalpy of activation "H*", entropy of activation " S*" and free energy of activation " G*" of H 3 L Schiff base complexes of copper(II), cobalt(II), nickel(II), manganese(II), and zinc(II) metal ions were calculated based on the TGA/DTA graphs. Accordingly of Coats−Redfern and Horowitz−Metzger 32, 33 relationships were used to estimated these parameters. The high values of E* = 76.5-202 KJ mol -1 are assigned to the slower reactions of copper, cobalt, nickel, manganese and zinc(II) Schiff base complexes than normal 34 . The −ve values of ΔS* (−21.6-132 J mol -1 K -1 ) deduced that the activated solid complexes has a more ordered 35 than the parent reactants.
3-8-Kinetic thermodynamic parameters
The surface morphology and grain size of the H 3 L Schiff base and its cobalt(II) and nickel(II) complexes have 
3-10-Biological assay
Biological activity of the Schiff base ligand and its metal complexes were studied and results shows that the activity of the metal complexes is higher than the free Schiff base ligand. The antimicrobial activity of the H 3 L Schiff base ligand and its copper(II), cobalt(II), nickel(II), manganese(II), and zinc(II) metal complexes were scanned against the four kind of bacteria (Bacillus subtilis, Staphylococcus aureas, E. coli, Pseudomonas sp.) and two fungi Aspergillus Nigaer and Penicillium Sp. by the diffusion method with well disc 15 . The samples were prepared in DMSO at a concentration of 10 and Table 3 . Thermodynamic parameters of free H 3 L Schiff base ligand and its complexes 50 mg/mL. The inhibition zone were calculated by millimeter at 37 o C after 24 hrs incubation. The antibacterial assessments are summarized in Table 4 . The signifi cant data in this table reveal to the activity of the Schiff base ligand after complexity with the metal ions became more pronounced. The presence of azomethine group and chelation effect with metal ions enhanced the antibacterial activities. Among all the complexes, the manganese(II) complex shows signifi cant activity against bacteria and fungi. This enhancement activity of these synthesized metal complexes may be assigned based on the chelation theory 36-38 . After chelation, the polarity will be reduced to a greater extent due to the overlap of ligand orbital and the partial sharing of the positive charge of the metal ion with donor groups 37, 38 . Moreover, the chelation process increases the delocalization of the π−electrons over the whole chelate ring, which results in an increase in the lipophilicity of the metal complexes 36 . So, the metal complexes can easily penetrate into the lipid membranes and block the metal binding sites of enzymes of the microorganisms 38 . These metal complexes also affect the respiration process of . The biological activity assay revealed that the synthesized Schiff base metal complexes have an antimicrobial effi ciency rather than the starting materials.
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